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Presence of nanobacteria in psammoma bodies of ovarian cancer: evidence for pathogenetic

role in intratumoral biomineralization

Aims: The presence of laminated, calcified extracellular
debris known as psammoma bodies is a well-known
histomorphological feature of ovarian adenocarcin-
omas and other human malignancies. Biomineralization
has recently been found to be associated with a group
of extremely small Gram-negative bacteria capable of
precipitating calcium salts. The aim of the present
study was to evaluate a possible pathogenic link
between the development of psammoma bodies and
nanobacteria infection.

Material and results: Immunohistochemical staining
and reverse transcriptase-polymerase chain reaction
(RT-PCR) were used to analyse nanobacterial protein
and gene expression in eight psammona body-contain-
ing adenocarcinomas and in 10 malignant ovarian
tumours without signs of biomineralization. Nano-
bacterial proteins were detected in eight out of eight

(100%) psammoma-positive tumour samples. Con-
versely, none of the 10 psammoma-negative tissues
(0%) was positive for nanobacterial antigens. Further-
more, nanobacterial mRNA was detectable in all of the
four tissues (100%) that contained psammoma bodies,
but was absent in all 10 ovarian cystadenocarcinomas
(0%) that were psammoma negative.

Conclusions: We found a 100% concordance between
the expression of nanobacteria and the presence of
psammoma bodies in malignant ovarian tumours.
Several lines of evidence suggest the involvement of
these organisms in the process of biomineralization.
We therefore conclude that nanobacterial infection of
malignant ovarian tissue contributes to mechanisms
leading to the formation of calcified deposits known as
psammoma bodies.
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Introduction

The appearance of onion peel-like calcified structures
known as psammoma bodies is a rare but well-
known histomorphological feature which can be
observed in a variety of human malignancies such
as breast cancer,’” thyroid cancer,”’ meningeoma®*
and endometrial cancer.’ In serous adenocarcinomas
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of the ovary, the frequent expression of mineralized
formations has even led to the term of psammo-
carcinoma.* However, it should be noted that
psammoma bodies do not specifically resemble a
histopathological characteristic of neoplastic tissue
since these structures have also been identified in
benign ovarian cysts, endosalpingiosis and cervical
smears of non-malignant origin.*” Over the last
years, several studies have addressed the question of
the pathogenic origin of these deposits, which still
remains obscure. In a study conducted by Maki and
co-workers® utilizing immunohistochemistry —and
in-situ hybridization, the glycoprotein osteopontin
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was identified as a possible factor causing the
development of psammoma bodies via the accumu-
lation of calcium phosphate in serous adenocarcin-
omas of the ovary. Within this, biomineralization and
the process of stone formation has been recently
associated with the detection of 80-500 nm-sized
calcium salt-precipitating organisms named nano-
bacteria.””'! Although there is much controversy
concerning their archetypical origin,'? these needle-
shaped, Gram-negative and filterable particles have
been demonstrated to form a calcium phosphate-
containing shell, thereby presenting a novel model
for tissue calcification.”!371®

Nanobacteria are able to infect phagocytosing cells
via receptor-mediated internalization."™'” They have
been shown to exert cytotoxic effects on fibroblasts'!
and appear to be involved in the development of kidney
stones”1*"1* independent of elevated urinary pH values
and urease/alkaline phosphatase activity. It has thus
been suggested that the biogenic apatite layer present
on the cellular surface might act as a nidus promoting
the process of crystallization and formation of calcified
deposits.”11'1* The hallmark of psammoma bodies
includes the presence of small, concentrically lamin-
ated calcified debris as a result of biomineralization. In
order to gain more information on the pathogenic
origin of these structures, the aim of the present study
was to examine the possible involvement of nanobac-
teria in the development of psammoma bodies in
ovarian adenocarcinomas.

Materials and methods
PATIENTS AND TISSUE SPECIMENS

Malignant tumour tissue was obtained from 18 pati-
ents with primary serous papillary adenocarcinoma
during surgical removal of the malignant tumour. The
University of Vienna IRB approved the study and all
patients had given written informed consent prior to
inclusion in the study. In each case, the tumours were
bisected and one aliquot of tumour tissue was snap-
frozen within 3 min of surgical resection for gene
expression analysis. Another aliquot was formalin-fixed
and paraffin-embedded for histological diagnosis and
immunohistochemical analysis.

Patients were aged between 40 and 64 years with
a median age of 56 years. Patients with a history of
prior chemotherapy, pelvic inflammatory disease,
second malignant disease and prior surgery of the
ovaries were excluded from the study. Eight out of
18 patients exhibited microscopically detectable
intratumoral calcifications, thereby fulfilling the

criteria of psammoma bodies. Ten tumours in which
psammoma bodies were undetectable in haematoxy-
lin and eosin (H&E) sections were used as controls. Of
the 18 tissue specimens, four were classified as well
differentiated, eight were classified as moderately
differentiated and six as poorly differentiated serous
adenocarcinomas.

IMMUNOHISTOCHEMISTRY

Paraffin sections (5 pm) were de-paraffinized and
endogenous peroxidase was inactivated by a 15-min
treatment with methanol containing 0.6% hydrogen
peroxide. Additional antigen retrieval was achieved by
immersion of the sections in 10 mm of citrate buffer
(pH 6.0) and boiling for 30 min in a microwave
pressure cooker. After a short rinsing step in tap water,
non-specific binding was blocked with goat serum for
30 min. A monoclonal mouse antibody against nano-
bacteria (monoclonal mouse antibody, A4002; Nano-
bac Oy, Kuopio, Finland) was added at a concentration
of 1:50. The primary antibody was omitted in
negative controls and substituted by isotype immuno-
globin. All slides were then incubated at room
temperature for 3 h, washed in PBS for 5 min,
and incubated with peroxidase-labelled dextran
polymers conjugated to antimouse immunoglobulins
(EnVision™; DakoCytomation, Glostrup, Denmark).
The sections were subsequently washed with PBS and
subjected to 3-amino-9-ethylcarbazole (AEC) substrate
for 10 min. Rinsing in distilled water for 5 min stopped
the enzymatic reaction. All slides were counterstained
with Mayer’'s haematoxylin, dehydrated and moun-
ted with p-Xylene-bis(N-pyridinium bromide) (DPX)
mounting medium (FLUKA, Buchs, Switzerland). For-
malin-fixed glass slides with immobilized nanobacteria
were used as positive controls (nanobacteria culture
12001; Nanobac Oy).

EXTRACTION OF NANOBACTERIA AND REVERSE
TRANSCRIPTION

Nanobacteria cultures (Strain Seralab 901045; Nano-
bac Oy) were cultivated in Dulbecco’s modified Eagle’s
medium for 8 weeks before being carefully scraped off
the surface of the biofilm under sterile conditions. Also,
14 solid tissues from adenocarcinomas of the ovary
(four fresh frozen adenocarcinomas of the ovary
containing psammoma bodies; 10 ovarian adenocarcin-
omas lacking psammoma bodies—negative controls)
were frozen under liquid nitrogen and powdered with a
pestle. Approximately 5-10 pg of powdered tumour
tissue (>80% of epithelial cells) as well as the
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nanobacterial isolates were then lysed in 500 pl of
proteinase K buffer (10 mm Tris pH 7.4; 10 mm EDTA,
150 mm NaCl, 0.4% SDS) and proteinase K
(10 mg/ml) for 6 h at 56 °C and then centrifuged for
10 min at 13 000 g (Hettich Universal (HU) RF,
Tuttlingen, Germany). The supernatant was extracted
with phenol/chloroform/isoamylacohol (25 : 24 : 1),
vortexed, and centrifuged again at 13 000 g for 5 min
followed by a transfer of the aqueous phase to a new
tube. Nucleic acids were precipitated with 0.1 vol% of
3 M sodium acetate and 2.5 vol% of 100% ethanol for
10 min on ice followed by another centrifugation at
13 000 g for 15 min at 4°C. The supernatant was
decanted and the pellet was washed once with 80%
ethanol, isolated, dried at room temperature and
dissolved in 200 pl of TE-buffer.

Ten microlitres of each bacterial RNA/DNA mix
(approximately 0.2—1 pg) were denatured at 65 °C for
5 min and chilled on ice. A master mix consisting
of 4 ul of 5 x RT-buffer (250 mm Tris—HCI pH 8.3,
375 mm KCl, 15 mm MgCl,), 2 pl of ANTPs (10 mm
each; Pharmacia, Uppsala, Sweden), 1 pl of RNase
inhibitor (20 U/ul; Applied Biosystems, Foster City,
CA, USA), 1 pl of reverse primer (20 pM; ‘Nano3’:
5’-AGT CGC TGA CCC TAC CGT GGT TGC-3"; MWG-
Biotech AG, Vienna, Austria), 1 pl dithiothreitol (DTT)
and 1 pl of moloney murine leukaemia virus reverse
transcriptase (MMLV-RT; 200 U/pl; Amersham Bio-
science UK Ltd, Little Chalfont, UK) were added and
incubated for 1 h at 42 °C. After inactivation of the
reverse transcriptase by incubation at 80°C for 5 min,
cDNAs were either processed immediately for amplifi-
cation or stored at —20°C.

POLYMERASE CHAIN REACTION AMPLIFICATION
OF NANOBACTERIAL NUCLEIC ACID

The reverse transcription products (10 pl) were mixed
with a polymerase chain reaction (PCR) master mix,
consisting of 10 x PCR buffer (15 mm MgCl,, 500 mm
KCl, 100 mm Tris—HCI, pH 8.3), 100 mm of each
dNTP, and 20 uMm of ‘Nano5’ primer (5-ATG CAA
GTC GAG CGC CCC GCA AGG-3’) and 20 um of the
reverse primer (‘Nano 3” both MWG-Biotech AG) and
Tag-DNA polymerase (2.5 U). Thirty cycles were car-
ried out at 94 °C, 68 °C and 72 °C, each for 2 min,
with an extension of 5 s in each following cycle. The
RT mix was replaced by ddH,O in negative controls.
The PCR products were stored at — 20 °C until ready
for electrophoresis. Then the PCR mix (10 pl) was
subjected to 0.2% agarose gel electrophoresis at 80 V
for 30 min and nucleic acid bands were visualized by
ethidium bromide staining.
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Results
IMMUNOHISTOCHEMISTRY

In eight out of eight (100%) cases, psammoma bodies
exhibited a clearly visible positive staining reaction
with the anti-nanobacteria antibody (Figure 1A,B). As
a rare event, a weak positive staining was detected in
the cytoplasm of some malignant epithelial cells, but
was absent in all other tissue components including
tumour stroma. Negative controls and all 10 samples
without any evidence of psammoma bodies lacked
positive staining for nanobacteria (Figure 1C). As
expected, a strong positive reaction was observed in
the cell cultures of nanobacteria that were used as
positive controls.

RT-PCR

In order to detect nanobacterial DNA in psammoma
body-containing ovarian cancer tissues, RT-PCR was
performed with primers specifically designed for the
detection of nanobacterial genomic elements. All four
tissue samples, in which psammoma bodies were
present and in which nanobacteria were detected by
immunohistochemistry, also exhibited nanobacterial
mRNA (band at 1373 bp in Figure 2A). By contrast,
none of the 10 ovarian adenocarcinomas that did not
exhibit psammoma bodies in H&E sections examined by
light microscopy and immunohistochemistry exhibited
bands corresponding to the presence of bacterial mRNA
(Figure 2B), thereby demonstrating the specificity of
nanobacteria being exclusively present in tissue con-
taining psammoma bodies.

Discussion

The formation of crystalline calcium phosphate serving
as a nidus for the development of extracellular debris is
preceded by the liberation of phosphate originating
from cell membranes through phosphatase activity and
electrostatic binding of calcium.'® Although the micro-
bial origin of nanobacteria is still controversial,'*”
these organisms have been demonstrated to accumu-
late these two compounds directly on their surfaces,
thereby linking the process of biomineralization and
tissue calcification to the presence of these organ-
isms.'''? We speculated whether nanobacteria might
also serve as a possible cause for the formation of
psammoma bodies that are commonly observed in
adenocarcinomas of the ovary. Indeed, we were able to
identify nanobacterial antigens using immunohisto-
chemistry on paraffin-embedded tissue sections of
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Figure 1. A,B, Positive immunohistochemical staining for nano-
bacterial antigens in spherical, laminated calcifications fulfilling the
criteria for psammoma bodies present in adenocarcinoma of the
ovary. A tissue section that also exhibited positive staining for

nanobacteria was used as a negative control where the primary
antibody was substituted by isotype immunoglobin (C).
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tumours that exhibited psammoma bodies. In contrast,
tumours negative for psammoma bodies did not exhibit
a positive staining reaction. To confirm these findings,
RT-PCR was applied to RNA extracted from frozen

>
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Figure 2. A, Reverse transcriptase-polymerase chain reaction for
nanobacterial 16S ribosomal RNA. Positive control representing
nanobacterial RNA isolated from nanobacteria stock culture (lane 1);
size marker (lane 2); nanobacterial RNA products (1373 bp) deriving
from four fresh frozen adenocacrinomas of the ovary positive for
psammoma bodies (lanes 3—6). Ovarian adenocarcinomas lacking
psammoma bodies were used as negative controls (lanes 7 and 8).
B, Additional negative controls representing ovarian adenocarcin-
omas without expression of psammoma bodies (lane 1, positive
control; lane 2, size marker; lanes 3—12, the expression of a specific
ribosomal RNA fragment of nanobacterial RNA is absent).

tumour specimens. Indeed, nanobacterial gene expres-
sion was detected in the psammoma body-containing
tumours.

Nanobacteria have been detected in bovine and
human blood!! and have been shown to pass the renal
glomerulum as living, slowly multiplying organ-
isms.”!! Recently, Breitschwerdt and colleagues®®
were able to detect nanobacterial antigens in beef,
suggesting that bacteraemia and cellular infection
might occur via the oral intake of these organisms.
Although there is no direct evidence for nanobacterial-
related disease in humans, it should be kept in mind
that nanobacteria do exert cytotoxic effects on mam-
malian cells in vitro”'> and possess the ability to cross
the placenta.'® Unfortunately, nanobacteria are barely
detectable with standard microbiological methods
because they are difficult to stain and are able to pass
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through 0.1-pm filters. Several lines of evidence indi-
cate that nanobacterial infections provide an alter-
native mechanism for induction of biomineralization
and are responsible for the formation of extracellular
calcification.” " "'* Psammoma bodies contain muco-
polysaccharides, iron and, as a typical feature of these
structures, calcium salts.® The present study provides
evidence for a causative link between the presence
of nanobacterial infections and the development of
psammoma bodies in ovarian adenocarcinomas. To our
knowledge, this is the first report demonstrating the
presence of nanobacterial genomic elements in malig-
nant ovarian tissues containing psammoma bodies. We
hypothesize that nanobacteria might not only promote
the biomineralization process in the genitourinary
tract, but also lead to the development of calcified
deposits known as psammoma bodies in human
malignancies such as ovarian cancer.
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